In Western countries, there has been a resurgence of syphilis since 2000 [1] , with a peak prevalence in men who have sex with men (MSM) living with HIV [2, 3] . HIV infection has been associated with lower rates of serologically defined treatment responses, compared with the rates that have been observed in the general population [4, 5] , although conflicting results on this topic have been reported [6, 7] .
A few studies [4] [5] [6] [7] [8] [9] [10] have investigated for predictors of treatment response of syphilis in people living with HIV (PLWH), showing controversial results [4] [5] [6] [7] [8] [9] [10] [11] .
Different guidelines [12, 13] have recommended the same treatment regimens for PLWH and the general population, regardless of the stage of syphilis; however, concerns regarding the treatment of syphilis in PLWH remain. A high proportion of clinicians who care for patients with HIV continue to use 3 doses of benzathine penicillin G (BPG) to treat early syphilis [9, 14] because of possible concerns regarding the lower efficacy of the recommended 1-dose BPG regimen. Additionally, limited data [15, 16] are available on the efficacy of the alternative regimen, doxycycline, especially for the treatment of late latent syphilis.
Therefore, the aims of this study were to evaluate the response rate of treatment of syphilis in a large cohort of PLWH and to identify treatment response predictors (including different treatment regimens) in early and late stages of syphilis.
METHODS
This retrospective, longitudinal study was approved by the Ethics Committee of the San Raffaele Scientific Institute (approval No. 34-2017) and evaluated data from the HIV Clinic of San Luigi Center, San Raffaele Hospital, in Milan, Italy.
In the present study, we included PLWH who were diagnosed with and treated for syphilis between January 2004 and June 2016 (freezing date). A nontreponemal test (rapid plasma reagin [RPR] , RPR Plus, Diesse Srl, Monteriggioni (SI), Italy) and a treponemal test (Treponema pallidum hemagglutination assay [TPHA] , Mycrosyph TPHA, Axis Shield, Dundee, Scotland) were used for the diagnosis of syphilis.
The detection of positive titers in patients without a history of previously treated syphilis and with previous negative RPR and TPHA titers indicated a patient's first diagnosis of syphilis. Among patients with documented previous treatment(s), a seroconversion of the RPR titer (if previously negative) or a ≥4-fold increase in RPR titer was considered a new episode of syphilis (re-infection).
The syphilis stages were classified as early (primary, secondary, and early latent) or late (tertiary and late latent) according to the clinical examination, patient's history, and timing of infections. Primary syphilis was diagnosed in the presence of RPR and TPHA titers that were compatible with a syphilis episode, and the concomitant presence of a single or multiple genital, perineal, perianal, or rectal (if an anoscopy/rectoscopy was performed) ulcers. A case of secondary syphilis was diagnosed in the presence of treponemal and nontreponemal titers that were suggestive of a syphilis episode and a concomitant maculopapular skin rash and/or mucous patches/condylomata lata and/or constitutional symptoms (fever, diffuse lymphadenopathy, malaise). Patients with positive RPR and TPHA titers and cardiovascular involvement or gummas were diagnosed with tertiary syphilis.
Asymptomatic subjects with RPR and TPHA titers suggestive of a syphilis episode were diagnosed with early latent syphilis if a previous syphilis serology was available, was not compatible with an active infection, and was performed no later than 1 year before the current syphilis episode. Otherwise, asymptomatic patients were diagnosed with late latent syphilis.
All syphilis diagnoses that were without a documented history of treatment or an available serologic follow-up or neurosyphilis cases (because of the different treatments and diagnostic approaches) were excluded from the analysis. Serological treatment response was defined as a ≥4-fold decline-2 dilutions (eg, from 1:64 to 1:16)-in RPR titers or a reversion to nonreactive (if RPR ≤ 1:4 at diagnosis) 12 months after treatment for early syphilis or 24 months after treatment for late syphilis in the absence of documented re-infection [12] .
Serofast status [11] was diagnosed in subjects who experienced a single episode of syphilis during the study period and who were successfully treated but did not revert their RPR titers to nonreactive by the end of the study.
Data Analysis
Results were described as median (interquartile range [IQR]) or frequency (%). Continuous and categorical variables were compared with the nonparametric Kruskal-Wallis test, MannWhitney rank-sum test, and the chi-square or Fisher exact test.
The Cochran-Mantel-Haenszel test was applied to assess linear trend over time of BPG use.
Different definitions of the study follow-up period were used in relation to the considered outcome. With regards to the estimate of the incidence rates of syphilis, the study follow-up accrued from the date of the first visit to the last available visit, or the freezing date minus the days that were required to treat syphilis (ie, total follow-up time minus time to treat syphilis).
With regards to the estimate of the incidence rates of treatment response, the follow-up time was accrued from the date of syphilis diagnosis to (1) the date of treatment response or (2) in case of a lack of response to treatment, 12 or 24 months from diagnosis of early and late syphilis episodes, respectively. To evaluate for serofast status, the time of follow-up was accrued from the date of syphilis diagnosis to the date of sero-reversion, or the date of the last available visit.
The crude incidence rates of syphilis (95% confidence intervals [CIs]) were expressed per 1000 person-years of follow-up (PYFU) and calculated as the total number of episodes divided by the cumulative study follow-up at risk for syphilis, contributed by all subjects. The crude incidence rates of treatment response (95% CIs) were expressed per 1000 person-months of follow-up (PMFU) and calculated as the total number of episodes of treatment response divided by cumulative follow-up at risk contributed by all subjects.
Incidence rates were estimated and compared by use of Poisson regression models. The Andersen-Gill extension of the Cox regression model for recurrent events was used to model treatment success on the individual level with a robust (sandwich) variance estimator to account for the matched nature of the sample [17] [18] [19] . The adjusted hazard ratios (HRs) of serofast response and the corresponding 95% CIs were reported.
Further multivariate Cox proportional hazard models were calculated to identify factors that were associated with a serofast response in the overall sample and in the early syphilis subgroup. The factors that were associated with serofast response among subjects with late syphilis were not calculated because of the low sample size (9 serofast responses among 58 patients with late syphilis). All these models included the same covariates that were used in the models on treatment response.
All of the statistical tests were two-sided at the 5% level and were performed using SAS software (release 9.4; SAS Institute). Thirty-four diagnoses in 20 subjects were excluded because of the lack of RPR titers obtained after treatment or the absence of a documented treatment after diagnosis, or if there was a diagnosis of neurosyphilis.
Thus, data were analyzed from 564 subjects for a total of 829 diagnoses of syphilis with assessable serological responses. In these subjects, the median number of concomitant RPR and TPHA titer determinations per year was 2.8 (2.3-3.5).
After syphilis treatment, the first RPR determination was performed 3.9 (2.7-5.4) months after therapy.
Among the 829 episodes, 686 (83%) were diagnosed as early syphilis, 97 (14%) were primary syphilis, 239 (35%) were secondary syphilis, and 350 (51%) were early latent syphilis. Among the 143 late syphilis, 136 (95%) cases of late latent and 7 (5%) cases of tertiary syphilis were observed. Characteristics of syphilis episodes according to disease stage are reported in Table 1 , whereas Figure 1 shows the calendar-year distribution of syphilis diagnoses, according to syphilis type.
Two hundred thirty-seven (29%) episodes of syphilis were first infections, 592 (71%) were re-infections, and 507 (61%) episodes had an RPR titer ≤1:32 at diagnosis.
BPG was used for the treatment of 738 (89%) cases, and doxycycline was administered in 73 (9%) episodes. For early syphilis, a 1-dose BPG regimen was administered in 175 (26%) cases, a 3-dose BPG regimen was administered in 435 (63%) cases, and doxycycline was administered in 55 (8%) cases. Use of the 1-dose BPG regimen for the treatment of early syphilis increased over time; the 1-dose BPG regimen was used in 22% of diagnoses that were recorded before 2010, in 24% during the 2010-2012 period, and in 41% after 2012 (P < .0001 by the Cochran-Mantel-Haenszel test). During the 2015-2016 period, the 1-dose BPG regimen was used for treatment in 61% of early syphilis episodes.
After treatment, a serological response was observed in 732 (88%) syphilis episodes. The overall incidence rate of treatment response was 110. The proportions of treatment response were significantly different between early and late syphilis (89% vs 83%, respectively; P = .045). With regards to the comparison of early syphilis that was treated with 1 vs 3 doses of BPG, no differences were observed in the frequency of treatment response for any type of syphilis. In primary syphilis, treatment response was observed in 23/25 (95%) episodes that were treated with 1 dose vs 50/54 (93%) episodes that were treated with a 3-dose BPG regimen (P = .997); in secondary syphilis, a treatment response was observed in 46/48 (97%) episodes that were treated with 1 dose, compared with 151/165 (91%) episodes that were treated with the 3-dose BPG regimen (P = .471); in early latent syphilis: treatment response in 90/102 (88%) episodes that were treated with 1 dose, vs 193/216 (89%) episodes that were treated with a 3-dose BPG regimen (P = .841); in all early syphilis episodes: 159/175 (91%) episodes that were treated with 1 dose, vs 394/435 (91%) that were treated with a 3-dose BPG regimen (P = .999 Subjects' characteristics at their first syphilis episode during the study period are detailed in Table 2 according to syphilis stage.
The median age of the 564 subjects included in the study was 41.6 (36.2-47.6) years, 561 (99.6%) were males, 499 (88%) were MSM, they were HIV-infected for 7.6 (3.4-13. Three hundred seventy-four (66%) subjects had a single episode of syphilis diagnosis during their follow-up, 132 (23%) had 2 episodes, 43 (8%) had 3, 13 (2%) had 4, and 2 patients had 5 syphilis diagnoses during their follow-up.
Results of multivariate analyses on factors that were associated with treatment response for early and late syphilis are detailed in Table 3 . For episodes of early syphilis, a response to treatment was independently associated with a higher nadir CD4+ cell count (adjusted hazard ratio [AHR], 1.06; 95% CI = 1.01-1.12; P = .029), an RPR titer >1:32 (AHR, 1.26; 95% CI, 1.06-1.51; P = .009), and a diagnosis that had been made in more recent calendar years (AHR, 1.36; 95% CI, 1.17-1.59; P < .001). Additionally, subjects with early latent syphilis had a similar risk of treatment response compared with those with primary syphilis but a lower risk when compared with those with secondary syphilis (AHR, 0.78; 95% CI, 0.64-0.93; P = .008).
Treatment response for late syphilis was higher in first infections (AHR, 1.80; 95% CI, 1.07-3.03; P = .027) and in more recent calendar years (AHR, 1.62; 95% CI, 1.14-2.31; P = .007). Additionally, treatment response for late syphilis was associated with a higher RPR titer at diagnosis (AHR, 2.04; 95% CI, 1.29-3.23; P = .002). Interestingly, the risk of treatment response was not found to be associated with any of the treatment regimens in all the estimated models (overall, early, and late syphilis diagnoses).
Finally, serofast status was diagnosed in 82/335 (25%) of the patients with a single diagnosis of syphilis during the study period (early syphilis, 73/277 [26%]; late syphilis, 9/58 [16%]; P = .094). Predictors of serofast status are reported in Table 4 .
DISCUSSION
In our cohort of PLWH, 863 episodes of syphilis in 584 subjects were observed between January 2004 and June 2016. More recent years of the study reported a higher incidence of syphilis, similar to other studies [8, 20] .
Almost all of the subjects were males, and approximately 90% were MSM. The high prevalence of syphilis in MSM living with HIV has been described [21] and is associated with a reduction in the awareness of sexually transmitted infections and high-risk sexual behaviors in this population [22] . With regards to these issues, in this study, 71% of the infections occurred in individuals with a history of syphilis (re-infections) and 34% of the subjects had more than 1 syphilis diagnosis during the follow-up period, indicating the recurrence of high-risk sexual behaviors in our patients.
Overall, subjects included in our study showed good immune-virological status. At the time of diagnosis of syphilis, the median CD4+ cell count was approximately 600 cells/mm 3 , 81% had received some form of antiretroviral treatment, and 80% of treated subjects had a viremia of <50 copies/mL.
Despite the fact that the 3-dose BPG regimen remains the more frequently prescribed treatment, including among early syphilis diagnoses (63% of the total episodes), the 1-dose BPG treatment has recently become the preferred regimen for treatment of early syphilis, in accordance with guidelines and recommendations [12, 13] .
Treatment failure was observed in 12% of episodes that were included in the study, which is a proportion that is similar to what has been observed in other studies regarding uninfected individuals [11] and PLWH in the post-ART era [9, 10] .
Additionally, differences were observed in the proportions of subjects who responded to treatment when diagnosed with early and late syphilis. This finding is similar to what has been reported by other studies [7, 23] and confirms that subjects with late syphilis diagnoses are at a higher risk for serologically defined treatment failure, although, in our study, different time points were used to evaluate for a response in early and late syphilis, as suggested by the Centers for Disease Control and Prevention [12] . These time points, although established, are arbitrary. Therefore, it is possible that if the period of testing for treatment response was extended, the proportion of responders would increase.
According to the different clinical characteristics and criteria for serological response, we decided to separately analyze early and late syphilis to evaluate predictors of treatment response.
Treatment response in episodes of early syphilis was independently associated with a higher nadir CD4+ cell count, an RPR titer >1:32, and a diagnosis made in more recent calendar years. Additionally, episodes of early latent syphilis had a lower risk of treatment response when compared with episodes of secondary syphilis.
Immunosuppression has been associated with treatment failure in syphilis, as reported in previous studies on PLWH [10, 22] and subjects with an impaired immune system have been reported to respond more slowly to syphilis treatment, compared with those with a good immunological status [10, 24] . In this study, higher RPR titers were associated with treatment response both in early and late syphilis. This finding has been described in HIV-negative and HIV-infected individuals [11] . Higher RPR titers may reflect a more potent immunological response, which is associated with a more efficacious clearance of Treponema pallidum [25] . Additionally, subjects with lower RPR titers may have a longer duration of infection, with lower metabolic activity of the microorganism and a delayed response to treatment [26] . Finally, a 4-fold decline in the RPR titer (the definition of treatment response) is more easily obtained in Period (January 1, 2004-June 30, 2016) 
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The calendar year of syphilis diagnosis was another predictor of treatment response both in early and late syphilis. Episodes that were diagnosed in less recent years had a lower risk of response, compared with the more recent diagnoses. This finding is probably related to the lower CD4+ cell count observed in subjects with a diagnosis in less recent years, and the possible consequent delay in treatment response.
In late syphilis, re-infections were associated with a higher risk of treatment failure than in patients at their first infection. This result is similar to that described in PLWH by Jinno et al. [10] , although it is unclear why this association was not observed for early syphilis cases in this study. The multivariate model on factors associated with serofast response among subjects with late syphilis was not calculated because of the low sample size (9 serofast responses among 58 late syphilis patients).
Abbreviations: AHR, adjusted hazard ratio; BPG, benzathine penicillin G; CI, confidence interval; RPR, rapid plasma reagin.
The risk of treatment response was not found to be associated with the treatment regimens in early and late syphilis. In other studies [9, 10, 14] , which are in agreement with these results, a 1-dose BPG regimen for PLWH showed an efficacy that was similar to that of the 3-dose BPG regimen; it should be considered the firstline regimen in treatment of episodes of early syphilis among PLWH, in accordance with current international guidelines.
In our study, doxycycline demonstrated a similar efficacy as BPG, also in patients with late latent syphilis, although this result should be interpreted with caution because of the small number of patients that were treated with doxycycline at this disease stage.
The optimal management of patients who failed to demonstrate a treatment response is unclear. Because treatment failure might be the result of central nervous system involvement, cerebrospinal fluid (CSF) examination can be considered [12] . If the CSF examination is negative, retreatment should be administered, although serologic titers might not decline despite repeated courses of therapy [27] .
Of interest is the finding that 25% of the patients did not serovert their nontreponemal test titers during the follow-up period (serofast status), despite an appropriate decline of their RPR titers. These subjects had a serologically defined cure, although the persistence of a positive RPR titer may represent a concern for the clinician because of the paucity of data regarding the long-term management and outcomes of these patients.
Data regarding serofast status, especially among PLWH, are lacking. In this study, a lower nadir CD4+, a longer duration of antiretroviral treatment, a diagnosis of early syphilis as compared with late syphilis, and a less recent calendar year of syphilis infection were associated with serofast status. Interestingly, the restricted analysis on early syphilis episodes showed that a serofast status was related to a diagnosis of primary syphilis, as compared with a secondary syphilis diagnosis; it was also related to the use of a 1-dose BPG treatment, as compared with a 3-dose BPG schedule.
Our study has several limitations. First, we cannot exclude the possibility of selection bias, as 4% of the total syphilis episodes were excluded because of incomplete information or loss to follow-up. Second, given the retrospective nature of the study, the included subjects had different follow-up durations and were differently distributed over time. Third, in our definition of re-infection, syphilis episodes that occurred in PLWH who seroconverted their RPR titers (if previously negative) were included. However, HIV infection has been associated with false-positive, low RPR titers [28] , and thus syphilis re-infections may have been overdiagnosed, especially among those who seroconverted with a low RPR titer (≤1:2) and were diagnosed with latent syphilis (early and late). Therefore, we performed additional sensitivity analyses after the exclusion of these episodes (n = 30) by recalculating the multivariable analyses of Table 3 after excluding these 30 cases. The results (Supplementary Table 1 ) were similar to those already reported herein. Finally, it was not ensured that the subjects did not utilize other antibiotics that were active against Treponema pallidum in between their follow-up visits. Nonetheless, this is one of the largest studies that has investigated predictors of treatment response in PLWH diagnosed with syphilis, and it had a long follow-up period.
In conclusion, a higher incidence of syphilis was observed in the more recent years of this study, with an overall serological response of 88%. For episodes of early syphilis, factors that were associated with the serological treatment response were a higher nadir CD4+ cell count, an RPR titer >1:32, a diagnosis that was recorded in more recent years, and a secondary syphilis diagnosis (when compared with early latent syphilis). In subjects that were diagnosed with late syphilis, a serological treatment response was associated with first infection, a diagnosis in more recent years, and higher RPR titers.
